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!-!EMORANDUM 

WARZYN liBRARY -llUNOtS 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. 20460 

OH·CE :,; 

DRAFT 
SOl·~ WAS':'E ANO EMEliC.E'IiCv :;::;:::·. 

SUBJECT: Considerations in Ground-Water Remediation at Superfund 
Sites -- Update 

FROM: 

70: 

?uroose 

Don R. Clay 
Assistant Administra~or 

Waste Management Division Directors 
Regions I, IV, V, VI, VII, VIII 

Emergency and Remed:al Response Division Direc~or 
Region II 

Hazardous Waste Ma~agernen~ Division Direc~ors 
Region III, IX 

Hazardous Waste Div:sion Director 
Region X 

The purpose of this Dire:~ive is to clarify Superfund's 
approach to re~ediating conta~inated ground water and to. 
summarize on-going activities designed to address some of ~he 
~ore complex proble~s associa~ed with ground-water remediation. 

Backcrround 

Ground-~3ter contaminatio~ is one of the most prevalent and 
challenging p:oblems for Super:und, affecting more than 70% of 
the sites on the National Priorities List. The Office of 
~~ergency and Re~edial Response (OE~~) , completed a study in 1989 
which was designed to evaluate the performance of ground-water 
extraction systems. The study focused on 19 site~ that had 
operating ground-water extrac~ion systems. Recently, an update 
and expansion of this study has been completed. The findings 
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f~om the extraction evaluation study, 1
,

2 and subsequent studies 
by EPA and others have identified factors that, in some cases, 
appear to impede the ability of currently available technologies 
to restore contaminated ground water to its beneficial uses 
throughout the contaminated area. There has been confusion over 
the implications of these findings and EPA policy as outlined in 
recent Directives3

, 
4

• 

Objective 

The objective of this Directive is to ensure a consistent 
a~d sound approach to ground-water remediation at Superfund sites 
by: 1) clarifying the Superfund position on remediation of 
contaminated ground water, and 2) identifying projects currently 
u~derway that will improve our response to contaminated ground 
·..;ater. 

:::rolementation 

-· Superfund Ground-Water Po~icy 

Under the Comprehensive Environmental Response, 
Co~pensation, and Liability Act (CERCLA) and the impleme~ti~; 
~egulation, the National Contingency Plan (NCP), the cleanup goal 
for contaminated ground water is to return ground water to i~s 
=eneficial uses within a reasonable time frame where practicable. 
7~is pre~ise unde~lies all remedies designed to address 
cc~tarninated ground water at Superfund si~es. Experience a~= 

U.S. E?A, Evaluation of Ground-Water Extraction Rerne~ies 
~?~/540/2-89/054, Office of ~mergency and Remedial Response, 
September 1989. 

2 U.S. EPA, Eval~ation of Ground-Water Extraction Reme=ies: 
?~ase II Preprint, Office of Emergency and Remedial 2esponse, 
Se?tember 1991. 

3 U.S. EPA, "Considerations in Ground-Wate::- Re:nediatic~ at: 
s·..:.perfund Sites" Directive No. 9355.4-03, Office1 ofSolid i-.'aste 
and Emergency Response, October 18, 1989. 

4U.S. EPA, "Suggested ROD Language for Various Ground-Water 
Re:nediation Options" Directive ~283.1-03, Office of Solid ~aste 
a~d Emergency Response, October 10, 1990. 
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research suppo~t the following additional guidelines: 

1. Adequate site characterization data is essential to 
understanding and effectively remediating contaminated 
ground water. One of the primary findings in the 
studies of actual system performance is tha~ there is 
rarely sufficient information available to fully 
understand how contaminants are moving in t~e 
subsurface. It is essential to have an accurate 
picture of the subsurface environment and contaminant 
form and distribution. Attachment 1 provides a summary 
of site characterization data pertinent to evaluating 
ground-water remedies. 

2. 

3. 

Aqueous phase plumes should be contained early. It is 
generally feasible and desirable to impleme~t a 
containment system; e.g. pumping for gradient control, 
once the gene~al plume definition phase is =~mplete. 
This preve~ts the contamination from sprea=:~g further 
into uncor.~a~ir.ted g~ound water, thus li~i~:~g the area 
for ~hich re:edial action ~ay be required. 

The presence of non-aqueous phase liquids (~APLs) 
should be evaluated. Conta~inants present as an 
i~~iscible ohase in the saturated zone ca~ 
substantialiy co~plicate ir.vestigaticn and =~ean~p, 
pa~ticularlv where these c~~tarninants are =:re dense 
than water5 : Certain factors can provide a~ indication 
that conta=i~ants are prese~t as an i~~is=:~:e phase 
and should generally be evaluated prior tc :~itiating 
field investigatory work. Attachnent 2 pr=~ides a 
sum~ary of these factors and outlines a pr==ess for 
determining the likelihood that DNAP~s are ;resent. 

If NAPLs are encountered in a well, they s~ould 
generally be re~oved directly by pumping the immiscible 
phase. It is often very difficult to locat: dense 
NAPLs (DNA?~s) due t0 their ability to move ve~tically 
th~c~gh s=all discontinuities in the subs~=~~ce 
envi~onne~~. Ho~ever, where they are encc~~tered they 
should generally be extracted since it is ==~e 
effective to remove the i~~iscible li~id d:rectly than 
ext~act it as it solubilizes into the aque=~s phase. 

5 u.s. E?.;, De:--.se Nonaqueous Phase Liquids EF.~. 540/~-91-
002, Office of Resea=ch and Dev~loprnent/Office of sc::d ~aste and 
Emergency Response, March 1991. 
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5. Extraction systems should be monitored carefully and 
modified as appropriate to improve effectiveness and 
efficiency. Once a ground-water extraction system is 
implemented, samples should be collec~ed and analyzed 
periodically from wells located throughout the 
contaminated zone to assess the plume response to 
extraction and determine the need to ~edify the system 
during operation6

• 

6. Where it is determined that it is not practicable to 
restore portions of the contaminated ground water with 
currently established technology, due to the presence 
of DNAPLs, alternate actions, including containment and 
shrinking of the contaminated area should be 
implemented. In some cases, evidence will indicate 
that DNA?Ls are present in the ground water in 
localized areas. It may not be tech~ically practicable 
to re~urn the ground water in those a~eas to its 
beneficial uses. It is important to ensure that these 
areas are managed to prevent ex9ansic~ and migration 
into unco~~aminated ground ~a~e~ fo~ as long as the 
conce~tra~ions remain above levels cc~responding to the 
beneficial uses. This likely ~ill re~ire gradient_ 
control to prevent migration o: aqueo~s-phase 
conta~ina~ion (and extraction of the DNA?Ls when 
technically feasible). A tect~ical i~?rac~icability 

j ••aive~ is needed for the grour:d · .. ;ate:- tha-:. ·,.;ill not be 
resto~ed ~o i~s beneficial uses. 

6 

Ef~orts should be made to reduce the size of the 
cont~inated area to the extent practicable prior to 
imple::::lenting a containment re::J.edy. 3ased on evidence 
collec~ed from operating ground-~ate~ extraction 
syste~s, conta~inated areas can be s~bstantially 
reduced in size and large volu~es of conta~inant mass 
removed, even in cases where portions of the plume may 
not be fully restored using current technology. This 
gene:-ally involves pu:nping and <:reating a~...:.eous phase 
conta~ina~ion ~hat is migrating a~ay ~ron ~he zone in 
whic~ the DNA?~ is located. 

Because of the long-term costs and liability of 
maintaining a ground-water containment system, it will 
be beneficial to consider innovative technologies as 

U.S. E?~, Suggested Practices fa~ Rernec:al Operation and 
Performance Evaluations, Robert S. Kerr Environ~ental Research 
Laboratory,·pre-print. 
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they are developed to clean up those portions of the 
plume that are being contained. 

II. On-Going Activities 

There are many recently initiated projects focussed on 
addressing some of the difficult ground-water cleanup scenarios. 
A workshop of experts in the area of DNAPL movement and cleanup 
was held last spring. Proceedings summarizing the general 

~consensus of this group should be available this fall. OE~~ is 
supporting a long-te~ research effort by the Robert s. Kerr 
Environmental Research Laboratory (RSKERL) to evaluate innovative 
technologies that will be effective in removing NAPLs from the 
subsurface. OERR will be working closely with RSKERL to develop 
guidances on site characterization, remediation, and performance 
monitoring for DNA?L contaminated sites over the next year. 

O~RR is also supporting a National Research Council (NRC) 
s-tudy, "Alternatives for Reducing Risk from Existing Ground-Wate::::
Con":anir:a":ion" that will assess the cu::::-::::-ent opinions and 
expe::::-iences with ground-water remediation and look at alternative 
app::::-oac!"les. 

Finally, OERR ~ill con-tinue to lea::::-n from program 
experience. Many ground-water remedia~ion sys~ems are now in 
design and construc~ion, so our da":a base will grow significantly 
eve:::- tte next few years. We will be mc~i~oring these syste=s 
closely and will continue to inp::::-ove o~r approach to assessing 
and re~ediating cor:ta~inated ground wa~er. 

I: y:m would lik..: additional infc:-::-.a":ion :;lease 
Jer:nife::::- Sutter (Hazardous Si~e Con":rol Divi.si.cn) at 
o::::- :.yn:-: Deering ( o:::? ... :~.) at FTS 2 ~ 5 -~ o 6 3 . 

\ ' 
Att.ac!".nents 

. I"' 
' \ . ,, 

.... l I 
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Data Pertinent to Evaluating Remedial Actions for contaminated 
Ground Water -- Gaps Identified in the Evaluation of Ground Water 
Extraction Remedies Phase I and II 

Hydrogeologic Information 
1. Number of aquifers and degree of hydraulic connection 

2. 
3 . 
4. 
5. 
5. 

6. 

between them 
Location and continuity of lower permeability zones 
Hydraulic conductivity of each aquifer 
Yield of each aquifer 
Stratigraphy -- continuous coring at select wells 
For NAPL-contam5nated sites, additional information can 
be important (presented in order of increasing 
difficulty to obtain): 

o Grain size analysis to obtain rough 

0 

0 

predictions of NAPL holding and transmitting 
capacity 
Porosity 
The relationship between the degree of 
saturation, the capillary pressure, and the 
relative permeability for the wet~ing and 
nonwetting fluids 

o Residual saturation for NA?L 
Potentio=etric gradients 

Contaminant Characteristics 
1. Location and definition of the source(s) both 

horizonta:ly and vertically within the de~i~ed site and 
verificat~o~ that there are no other ~ajcr sources 
outside ~~e defined site. 

2. Type of was~e and form -- likely presen~e as NAPL 
3. Solubilit!es of co~pounds 
4. Miscibili~y of various contaminants -- potential 

presence as multi-component NAPL 
5. Concentrations of conta~inants in soil and ground water 

-- vertical and horizontal extent of contaminant plume 
6. Vertical variations in contaminant concentrations 
7. Sorption c~ contaminants to soil, evaluated through (in 

decreasin; level of accuracy) column s~udies, batch 
analysis c~ sorbed conce~trations, or parition 
coefficie~t/organic carbon content estimate 

8. Presence of NAPLs in ground water sample~ using 
interface probe or clear bailer 

Remediation Performance Evaluation 
1. Piezometers on downgradient side of extractions wells 
2. Changes in vertical and horizontal ex~ent of 

contarnina~t plume as a result of remediation 
3. Hydraulic effects of extraction -- water level data 
4. Mass of contaminants re~oved by individual extractions 

wells 
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·GOALS 

United States 
Environmental Protection 
Agency 

R.S. Kerr Office of Solie Waste August 199i 
Environmental and Emerger.cy 
Research Laboratory Response 

Estimating Potential for Occurrence of 
DNAPL at Superfund Sites 

Quick Reference Fact Sheet 

. . ··:· ... · :' _.: ·: ..... ::-· . . ·.. . . ·····.·:·--:-·>· ...... :·_: .. ··. ·-·: .··.. . ·:.. : ... :.:.: •. ~::t:··::-:.:..··:·."::~ .: ·:.:--:::.·:·}:/t~~~-~=:·::·_.>- __ , .. , 
The presence of~ N~-A~e:oils Liquids (DNAPLs) in soils and aquifers can control the·w~ sua:esS (ir Jaili.zre of 
l"ell\edi.ii.tion at a haZ.a:rdouS~~·ste. ·Because ol the complex nature of the DNAPL transpOrt arid fate.}lowever~ DNAPL 
may be nndetected by direct methods, leading to poor site assessments and inadequate remedial designs. Sites affected by 
DNAPL may require a different "paradig:tn." or conceptual framework. to develop effective characterization and remedial 
actions (4). · · ·· · · · 

To help site personnel determine ii DNAPL-based characterization strategies should be employed at a pa."'tic:ular site, a 
qualltath·e method for esrunating the potential for DNAPL occurrence was developed. Two sources of existing site 
ir .fcr::na tion a..'"'e used~ 

• Historical Site Use Iniomution • Site Chancte.nz.tion Data 

By using available data, site ~Ms and other decision makers can enter a system of two flowcha.'"tS a.-.d a classi..Ecation 
~atriX for esti::'\ating the potential for DNAPL OCC'.l..~ce at a site. If the potential for DNAPL occur:-mce is low, the:.1 
cc:went:c=:al site assessment and remedial actions may be s-..ll.flcient. If the potential for DN.AJ'L is l:"...de:are or high, 
howe<.•e=, a d.i.ffe:rent conceptual approach may be req-..lired to accoun.t for p-robie::::':s assoeat-e-.:i wit.""l. o.:--:A.PL :... ... t.""l.e 
subsurface. 

BACKGROUND 
DNAPLs a=e sepa=ate-phase hydrocarbon liquids that a:e der.se than water, such as c.:.Uori.nated solve:-.ts, wood pres-ervative 
wastes, coal !:a;' wastes, and pesticides. Until recently, sta.-u:ia:d operating ?ract:k:e in a •.rariety of indust::ies resulted:._., the 
release of la.-ge quantities of DNAPL to the subsurface. Most DNAPLs undergo only l.i......-Lited degradaton in the su'bs~ace, 
and persist !o:r long periods while slowly releasing soluble orga."\ic constituents to groundwate:- through dissolutio:-.. Eve.-. 
v.rit.""l. a moee=ate DNAPL release, dissolution may continue for hundreds of years under ;-..:~t-..l..-al conditions before a:! :..;.,e 
DN.-\PL is diss.i~ted and conce."'ltrations oi soluble orga."lic:s in groundwater return to b.ackg:-ou..,d levels. 

D:\' .-\PL e::C.sts L• t'-N'o states in the soil I aquifer ::-..a::-ix: free phase DNAPL and residual D!\: APL. Y'Y~e:. releasee a~ ::-.e 
su:iace, f::ee phase DNAPL moves do-wnward t.~.,_-ough the soil matrix under the force of g:avi~ or la~y along t.":e su:!a.:e 
of slopi..ng .:;ne-g;ained stratigraphic urtits. As t.,e free phase DNAPL moves, blobs or ga.-tg!ia a:e tta~d i..n ?Ores a.-.d I or 
f::att..ll'es by capillary forces (12). Tne amount of the trapped DNAPL, bov."n as residual sat"'.:..-a::ion, is a function of :..~e 
physical prope=ties of the DNAPL and the hydrogeologic c."--aracteristics of the aquifer medill::\ a."''d ra..•ges up to 
50% of total pore volume (18). 

Once in t.~e subs·J.riace, it is difficult or i.Ir.poss:ble to recover all of the ~p~d residual DNA PL. The conventional ac;ciie:
re.=1ediation app:-oach, groundwater pump-and-treat, usually removes only a small fraction oi ~appee residual 
hyercx:ar:::-.on (27). Although :na.ny DNAPL removal tech.""'ologies are currently being rested, :-a date there have~., ::-.o fiei:: 
demonstrations where all of the released DNAPL has been successfully recovered from the subsurface. T.ne DNAPL that 
re=nains trapped i..n the soil/aquifer matrix acts as a continuing source of dissolved organics to groundwater, preventi...,g the 
restoration of DNAPL-affetted aquifers to d.rin.ld..,g water standards for many years. 
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DNAPL TRANSPORT AND FATE- CONCEPTUAL APPROACHES 
The majcr factors controlling ON APt. migration in the subsurfaa include (7): 1) the volume of DNAPL released; 2> the aru of infiltraric:-~ 
J) the duntion of release; 4) DNAPL properties such as density, vi5a;)sity, etc.; and 5) properties of the aquifer media such as pore size, 
presena of aquitards, and fractures etc. To dec::ribe the gene~! transport and fate properties of DNAP'L in the subsurface, a series of 
conCI!pnul models (11) are presented in the following figures.:. 

Case 1: DNAPL Rele&H to Uns~tunted Zone Only 
Alter release on the surface, DNAPL moves vertically downward under the force of 
gravity and soil capillarity. Because only a small amount of DNAPL was released, all 
of the mobile DNAPL iJ evenhully trapped in pores and fractures in the unsaturated 
zone. Infiltration through the DNAPL zone dissolves some of the soluble organic 
constituents in the DNAPL, carrying organics tD the water table and forming a 
dissolved organic plume in the acr.ille.r. 

A.~.al S..&urua"l of 
ONAP:.. on Sool F•om Se>oll 

~olo.-ed 

-• · · ·=ortc,a~nts 
\. 

Case 2: DNAPL Release to Unsaturated ~ Saturated Zones 

-.... 

II enough DNAPL iJ released at the surface, it an migrabe all the way through the 
unsatunted zone and reach a wate~bearing unit. Because the specific gravity of 
DNAPL iJ greater tNn water, it continues downward u.ntil the mobile DNAPL :.S 
exhausted and is r:rapped as a residual hydrocarbon in the porous media. 
Groundwater flowing past the trapped ~1 DNAPL dissolves soluble 
components of the DNAPL, fortning a dissoived plwne downgradient of the o:-.;..:._-::_ 
zone. As with Case 1, water infiltrating dO\'o-:1 from the source zone also carries 
dissolved coruriruents to the aquifer and co:-_-:ibutes fu:ther to the dissolved pi:.::-:-~. 

Cue 3: D:SAPL Pool. and Effect of Low-Pen:nubility Units 
Mobile DNAPL "-'ill continue vertical migration until it is trapped as a residual 
hyd.'·'Ocarbon (Case 1 and Case 2) or until low-permeability stratigraphic 1 .. ::\its are 
encou."lte..--ed whic." c:rute DNAPL "pools" in the soil/aquife~ :na:rix. L"l t:-..is f.gure, a 
pe:-c.'-led DNAPL ?OOl fills up and then spills over the lip of the low·pe!"!neability 
st:-a:"ipph.ic unit. The spill-over ;:x>i.."lt (or points) can be so:-:~e distance ~way f:-ot:1 the 
o:-iginal SOI.!rce, greatly complicat"_ .... g the process of tracking the DNA?L :::"'..iption. 

use 4: Cotnpoo6ite Site 

- --.:..--c.--- ........ ..... 

-:-

~·- s ...... -
~c., ..... 

In this case study, mobile DNAJ'L ::-.igntes vertically downward th.'"'Ough the 
unsaturated zone and t."e first satu.:-ated zone, producing a dissolved cor.stir.Jc~: 
plume in the upper aquifer. Although a Dr\APL pool is formed on the f:-acr..L"'eC =~ :.
or rock u.rjt, the fratt'...J..res are large enough !:l permit vertical migration downwa:-:. :: 
the deeper aqu:ier (~Case 5, below). D~A?L.. pools in a topographic low in t:--:.: 
underlying irnpe~eable unit anc a second ~solved constiruent plu:=1e is for=.~:: 

..,_ ... _...c-- .. ~--._... .... 

Cue 5: Fnc:tund Rode or Fnctt:...-ed a .. y Sy.tetn 
DNAPL L"lt:"Oduced into a fnctu.red rock or fractured clay system follows a 
complex pathway based on the cfuC"ibution of fractures in the original matrix. The 
nu:::nber, density, size, and direction of the fractures usually can."lot be dete:-:::tined 
due the ex:-:-eme heterogeniety of a f:-actured syste:n and the lack of economical 
aquifer cl-.a:-acter.zation technole>fies. Relatively small voh..unes of DNAPL can 
penetrate deeply in fractured systems due to the low retention capacity of the 
fractures and the ability of DNAPL to migrate through very small (-10 mkron) 
fractures. ;\!.any clay units, onre considered to be relatively impermeable to 
DNAPL rnigratio:., often act as a fr-actured medi.l with preferential pathways for 
vertical and horizontal DNAPL migration. 

2 

,r 

·-
---- --· '="' '"' ~ ~\ ;--- , -.· ;·' 1 ~~---:--'~ • ~."' I • -i 1 

1 
•I ~~ . \ c .• ~. 

\ ~ I '' I --,· Roe-< 
r · I .l-- -;.-..__ 
11~~ I / 

' ~ ' "''' 



-, 
I 

-1 

, 
_l 

I 
_t 

-·· 

Does Historical Site Use Information Indicate Presence of DNAPL? 

r-

TABLE 1 
bc~s::-:es wi~ rug.~ probab~::• 
of :-..:.s~o:"ical D:-.;A.PL release: 

• \': ood prese..-...·a tier. (ceosc:-e) 
• Old coal gas plants 

bid-!800s to :::Ud-lS:OOs) 
• Elec=onics ::nanuiac..t....;...ng 
• Solve.·tt production 
• Pesticide ::nanufacturL.,_g 
• Ee. :...icide :=1anufaet1.:.:" .. ng 
• • .!..i... 7l.an e ::nai... .,_ tenance 
• Cc::-.::ie:-Ca: ~")' clea..i.il"'g 
• bsc-..:::1ent ::nanclac..:...~.,_g 
• T:-a---.sforine::- oil productio::-. 
• T:-a..--.sforrne::- ~r-ecessing 
• S~l indust::· coki.'"'g 
o~a:ions (coal tar) 

• Pi~'"\e CO:::i?Tessor statio:-.s 

Note: 

MAYBE 

TABLE 2 
Indust:-:al ?='OCesses o:: waste 
dis~ :rradce ....,"it.-... hig..-... 
probability of h.isto:"ic.al D~APL 
rei ease: 

• Metal clea.li..,.g/deg:-easi."'tg 
• ~etal ::nac.w.i.. .,g 

Tool-a...'"\d...c.ie opera=ior.s 
• Pa.il"'t re=-.ovi."''g I s:::"ippi...,g 
• Storage of solve..'"\ts i."'l 

~--.derg=ou...'"'d sto:-age ta...-.i<.s 
• 5:-orage of dr~..=1ed solve.."'lts 

:...--. W'ICo::-.ta.i..l"'eC sto:age a=eas 
• Solve.."'l: loacii."'lg a..""'d u..."'.loacii.'"'g 
• Disposal of !:"..ixed che::-JC2.1 

wastes i:. land..5.lls 
• Treat=:e."'lt of ::n.ixed chemical 

wastes i."'l lagoons or ponds 

Tiu potrntial fer D,\," . .!..PL rd~ inCTCLSGS :.:.:ith :.:..! s-.::.e 
ar.d adive pa-:.od of c;-e-ratWn for a facili:y, ir.dr.~str-..:.i 

process, or u.uste di..~s.ll pr-=tiu. 

qw:sti("'·•,:'.~iir; ' ic~rt; ..•. · .•. 
. :; Plfte.D~"'!Y 

.. · .... 

=.·:· .. :.::·· .• 

----- Go To Nai P:ge 

TABLE 3 !:l~AP:..-Rei.1tee Oer:nio:..S : :l: 

:-:~log~n~t~d Vot~:-il~s 

C-jo:-obe:-..::e::~e 

: .:-Dichlorop~o?a :-.e 
:. :-Dic..'"'.lo:-oe: :-.a :-.e 
: .:·Dichio:-oe:r.yie:;e 
: .2-Dichloroeti-..a:;e 
:-:-ln..<-: 2·Di&Jort:lethvlene 
Cs-1 2-Dichloroe:hyi~ne 
:. : .1-":'" !"'ichloroe~ ha :--.e 
\~e:h·•iene C"\lon.:ie 
:. : :..-TricrJoroe:r.a:-.e 
:- :-. .:!-Joroe:hy lene 

Grbon Terrachio:-icie 
:. : .12-Terr.acp.lo:-oe:ha ne 
:-~rr.aduoroe:hyle:-.e 
E:hyle:-~e Di::-:-omide 

n.Uogen.tted 
Sem.i-Vo!.tti1es 
: +Dichlcroberu:e:;e 
: :..-!:lichloroberu:e:1e 
. .:..:-odor 12...::. 126C. :2...~ 
C--Jordanc 
:Jieldrin 
2..3,4.~ Te:racl-Jor::?henol 
?entachJorop hc:-.c l 

:Son-H.aloge:::<:ec 
Se!:"J-Vol.ati!~ 
2-Me:hy! ~a:;:~~:e:-.e 
o-C.--eso: 
p-C:-esoi 
2.4-Di."ne: h ~·:;: :-.~ :-.ol 
m-C:-esol 
Phe::~ol 

Napthale:1e 
~:-.::ola lAx:-~"-:e:;e 

F'i 01 . .: :-e :1 e 
.;ce;-~? h:!-1e;.c 
r~-.::-_-ace:'oe 

Dibe:-.zo(a,!-.l.!.:-.:."'--ace:-.e · 
Flou..-ant."'ene 
Py:'C::-.e 

Miscella:::I!'O~ 

Coa! Tar 
Creosote 
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Do Site Olaracterization Data Indicate Presence of DNAPL? 

TABLE 4 
DSAPL in mo:-JI:o~ wda: 
~ie::-.:xis fo~ ~easuring 01\:APL t:Uclcness or for 
collecting 01\:A.?L samples i.'lChJde ll 
:-.: . .:...?Uwater ;,."\:eriace probes that signal a change 
L-1 ::-.e s~.fic conductivity of the borehoie fluid, 2) 
.... :eig:-.~ed cot::::'l string lowered ~o the bonom of 
t:he .,..·ell, 3) pe:-'.staltic pumps, 4) t:-anspa:-ent 
bot:om-loadi.-.g bailers, and 5) t:leC.'unic:al 
cllic-ete-dep:.h ~mplers. ln general, the depth of 
D:'JAPL acc-..:=::.:lation does not pro•ide 
c-..:a:-.t:a ti ve L-.foi":IUtion rega:-d.i.....,g t.."e amou."'.t of 
6:--.:A?L pres.e..•t (26). 

D:-.: . .u>L in so :.I CXII"e! o: cu~...ns;s: 
Vis~! ex.a:-:U:-.ation of cores or c-..::ti.."'.~ may not be 
e~ve for co~ the pre:so!!\ce of DNAPL 
except i.n ases of gross DNAPL contamination. 
Me:hcx:!s for enhan~ visual i."Upecrion of soil 
Sol=:?les for 0:--JAPL include 1) shaking soil 
sa::::'l?ies in a jar with water to separate the DNAPL 
f:'o::1 ~l.,e soil (i8) and 2l a paint filter test, where 
s.oil :..S placed :.."\a filter funnel. water is added, and 
the :=..;te: is ex.a::Uned for separate phases (11). 

MAYBE 

TABLE 5 
Conditior.s t:"i.3t L-lc:.::3:e potential fer 
DNAPL at site baSCO: on cor.cenr.acon data: 

Condition 1: 
Contami!' .. ~t conCI!:-.:-:-a:ior-.s 
in groundwater ;~.re > 
• 1 '1o of pu:-1! phase s.olu'::>iliry or 
• 1 oro of efu!cti ve sc :-..~ bility if known 

(see Warw~ 1. :.:~ 6J . 

<Andition 2: 

~nic Conce:1:-:-.::ons on Soils u~ > 10, 
::::'lg/Kg (~..:.ai :o 1 ": ;:,f soil :;-.ass) (8). 

Condition 3: 
ContarniNnt con~:~:-:-alions i.'l 
g:-ouncwater calc-~:ed f:oo:n water/soil 
partitioning relatic:-..ships and soil samples 
are> pure ph.ase sc:\Jbi.l.ity or effective 
solubility(~ Wori:Y~ 2, p;oge 6) 

Condition 4: 
Organic concen:-:-at::ns in grou..,dwater 
L'lcrus.c .,.,·::h dep::-. C:Ja~ on data from 
wells s~ned at d;..~rent depths). 

NC!U: ~ ccnditu:-..! s.~..m.dd cmly lx applied 
f:7r DNAPL·r~:.d .:..~~:~ls irr. T<lb~ 3, Page 3. 

TABLE 6 
C.-...a:acterist:cs of ex!e~..sive f.e:.: 
?ro~rns t:..a! 0:1 ~~:r:--. ::-.e l=s.e~ce · 
of DNA!'L ('i ~ve:..: are ::-:-e:..::-.:. 
seleo..-; ·:-.:o·:: 

. .. 
~c:-~:::--i:"\g \.o"t·-a_s 

• Nu.Terot:s o~nic c.'"le:::-..i-=a.1 

ar-..1lv~s of s.oil s.a..'":'\ples a: :::::...'7~:-en: 
de:-;hs us:.-.g GC :r CC, \.5 
:::-.e:hocis. 

• Well defi."'.eC site s::-a:ip:::~.:•. 
using a cer-~ ner,....ori<; of sc:.l 
bori."lgs, a coni! ;:-e:-.e::-o:::-.<!:e: 
su.....,·ey, or geopl-.ysic.al :::-.c::-.ces. 

• Pilot tests cr ·e.J:!y a~or." ?:-::Ji~s 
t:Ut indica:e rhe a:":"-.c:n.:..."'': of 
pumping (r-.:.;..'T'.'='e: oi pc:-e v:: ::;::oes) 
reauired for p-..:..-.cwa:e: 
re~ediation. II E=='eate: :~'"I wouid 
be expected for a :i;ss.olved ?h.:.:ne 
alone then D~A?:.. :::-..1y '='e a~ing as 
a contim.ung 5-:lu:-::e of o:-ga:-jcs to 
the aquifer. 
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Potential for Occurrence of DNAPL at Superfund Sites 

II 

Category 
Confirmed or high 
potenti~ for 
DNAPL at site. 

Modente potenti.U 
for DNAPL at site. 

III Low potenti~ for 
D~APL ~t site. 

Implications for Site Assessment 
• T."'e risk of S?!"eaciing cont:z=.i:unts increases with the proxi:nir:· ~o a pote."''t:ia..l D~APL zone. 

Special precautions should be taken to ensure that drilling does ~ot create pat..l., .... -.-ays for 
COI"'.tinued ve::-:ical :nigratio:-: of fr~ phase DNAPLs. In DNAP!.. zones, c.:illi."''g should be 
s:.;s:>endee w=-.en a low-pe:-:neability unit or DNAPL is fi.-st e::'\c.:>·~-~ed. Wells s~ould be 
i.-.s~ed .... "i~"'. she~ sc-ee."''.S (~ 5 f~t). I£ requi:ed, dei?;>er d.rilli.-.g :..:...:oug;, knov::-. DNAPL 
z.o:-:es shocld :.e conducte-:: orJy by usi."''g double or t::iple cased · ... ·ells to ?reve::-.: co•.,-:.wa::: 
:rig-ration o: D~APL. As S.O:::'le DNAPLs ca., pene::-ate rract"..::e-s as narrow as:: ='.iC"'ns, 
S?ecial care :r.:..st be ::aken ::-.=_.,gall grouting_ ce:::-te:-.:i.."''g, a..,d ·,...·£.: ~ali.rtg ac::·.-:::es co:-:c·.;~ec 
i..-. DNAPL W:"\es. 

• T."'e subsu...-fa:e DSAPL cE.s~~bution :r.av be diliic-..:lt to delinea~e a.:curatelv at s.:~.e sites. 
DS'APL Inip:es z:;re!erer:.:ally through. selected ?C:hways (fTac:-..::es, sa.-"td.laye:-s, etc.) a.li.C is 
a.Hected by s::-:all-sca..le c.lota.."'.ges in the stratig.aphy of an aquiie:-. :-:. .... erefore, t.'-:e :.:.lt.::Late ?a::-'1 
rue:n by 0~.-\.PL OL"'\ be ve::y difficult to c.'o;a.-acte.._;.ze and preC..:c:. 

• b :=1ost cases, ;:_.,e-g:-amec aq-.Jita:ds (such as cla:--· or silt units) s:-.:-:..:.ld be asst:.:r.~d ~o pe:-::-j: 
cc.,..-nwa=c =..:.g-r-ation of D~A.PL t.\:-o~gh h-att.1res -.:.""\less ?rc·.-;::-. ot.~e:-... ise :.. .... ::-.e field(~). 

• I:-:-'.lling in a:us bown to :,e DNAPL-iree should '='e perfor.ne.: :.eiore &J.li.-.f :...~. DNAPL 
zo:1es in ore~ to for::n a re.iable concept".Jal model ci site hyd.Jo~eology, s::-atipphy, a..-'IC 
pc:-ential D;\.".-V't p.athwa:_.·s. In areas where it is Ci!Ec-..llt to for=. a reliable conce?tual :=1odel, 
a., "outside-:...-. .. strategy Ir.ay be appropriate: d.-illi.:"'g in DNAPL :.:;,nes is a voice-.: or ::::-UnL.-.izec 
L-. favor of ce.S-,eati."''g the O'.Jtside plu=~e (4). Ma...,y fractured roc...:.C settings ma;: :-equi:"e this 
a:-'?•oach to avoid openir.g r..u-ther pathways for DNAPL migra::::m dur.ng site asS<?ss=-.ent. 

• Sea use t.~e :?Otent:ial risk fer. exacerbating grou.1dwarer contar.:..-.a:::on proble=.s du.....;_""'g C..-illing 
t.'h..:ough DNA.PL zones, the :r=-ecautions described for Category I s::ould be cons:ce:ed dl.:.:"'-,g 
site assessme:-.t. Fu.-+..her wo:k should focus on det:e:'!:'.ini.ng if the sit-e is a "DNA?L site." 

• DNAPL is no~ likely to be problem during site cha.-acteri.z.ation, a..-.d special DJ\.' . .;PL precautions 
are yrobably r.ot nei?ded. F!oating free-phase organics (LNAPLs~. svrption, a.""'d o:.her fac~ors ca.""' 
complicate sit-e assessme.'i.t and remediation activities, howeve:-. 
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Worksheet 1: Calculation of Effective Solubility 
(from Shiu, 1988 and Feenstra. Mackay, and Oe.rry, 1991) 

For a single component DNAPL, the pure-phase solubility oi the organic consti:-..:e::H can be usee to estimate the theoretical 
upper-level concentration of organics L"'\ aquifers or for perfonning dissolution C:culations. Far mixed DNAPLs, 
however, the effective solubility concept Y\ould be employed using the followir:g :-elationship: 

e 
5-1 

Where 

5· 1 

= the actual aqueous dissolved pl-.ax concentration in mg/1 

=the mole fraction of component i :..-:the DNAPL ::nixture (obtained 
from a laboratory analysis of a D~ .. ~ .. PL sam?le) 

=the pure-phase solubility of CO~?=Jund i i.."' :ng/1 (usually obtained from 
literature sources) 

For example, if a laboratory analysis indicates that the mole fraction of t:iduoroe:.:~yene in DNAPL is 0.10, then the effective 
solubility would be 110 mg/1 [pure phase solubility of TCE times mole £Taction TG: (1100 :ng/1) • (0.10) = 110 mg/11. 
Effective solubilities can be calculated for all components in a DNAPL mixture. Sv~e DNAPLs contain organic constituents 
that are practioilly L"'\SOluble, such as long-chained alkanes. These insoluble components will reduce the mole fraction and 
effective solubility of more soluble organics but will not contribute dissolved-phas-e organics to groundwater. 

Worksheet 2: Method for Assessing Residual N APL Based on Organic Chemical 
Concentrations in Soil Samples (From Feenstra, MacKay, and c:-.2:7'j. 1991) 

To estimate if NAPLs are present in t.l-:e 5-:lil, a partitioning calculation ca.< be a:::;:::..:ee bas.ed o:-. 6e=-.ical a.."'\c physical 
a..-,aJyses of soil samples. The !:lethod ass:m1es t.'wlt .all of the orga:ucs i:: ::."le subs·..:...-7a~ a..-e ei::.~e:::- in t.":e dissolved i..< 
g7oundwate:r or adsorbed to soil (assu=-.i...-:g dissolved-phase sorption, not the p:ex::ce of 1'-:.~U. ~ . __ .· ...... :.:.. · " . ."~ 
3y using &.e concentration of organics o:-. t.i-te s.:-i.! and t.;.,.e partitioning calc.llatio:-.. a cz.lc.:.latec 2'l~-ater concentrati-on 
o!O~i.., groundwater is cieten:ni."1e-d. If the calculated pore-water concer.t:-a::on is ~ati:-J=:"an the esti=.ated 

. soiubility C?£ the organic constituent of imerest, then DNAPL may be present at the site. For soil samples collected i."'l t.l,e 
--=-sa:-..l.-ate·d zo:1e, the following calculatio::-.s can be applied (see Fe-e."'lstra, Mac.Xay, ~-.d C"e::-:j' (i?91) for a full desc:-iption 

c: :..;...e !:'lethociology): 

e 
Step 1: Calculate S i , t.;,e effec-ive solo.:=~=:• of orga.lic constitue.'it of i.."'te.-est. · :.::.e \',' o: ks;.,. e-e: l. a l::>o v e . Q 

F? 

Step 2.: Dete."'::tine Kcx::, the orga..~c c:.a=x::-.-wate:- ~tion coefficient fro-=. 
A) Urerat..:...-e sources (s"..Id'l as 2.;) -==-
Bl F:c="< e:::oi...-ic:al relationshi::Js "::.a.s.?d on Kow, t.i-te octanol-wate: ~tic:- .:oe::=ce."'~. · ... ·:-jch is al.sa f.:::n.:.."1d i.-: t.,e /; 
litera:-ze (24). For exa.=.ple, Koc .;:a., be estimated from Kow using the fc~o .... -:..-,g exp.-ession developed for '-
polva:-omatic hvdroca.-bons (13): -- • -~, . • . . · " .. ~ "" ,_____ .. J.. • ,.. ., ,., ,... I La K = 1 0 • Log Kow- 0.21 I ~ .. ~ _ ... ,., .. ..._, rd.:.:.cmsr..ps '"'~:IJI!-·· Kow 

g ex: . • "K ~- "6 ,.170 ws ~,.._-::. cr..:.J a.r~ ;:resrn:~ :n re_r. ar...,. ~. 

-
Step 3: Dete:-mi..1e foe, t.,e frac:ion of o:-ga:ic ca..--?on on the soil, fro!:'! a laborato':; a.•C..::·sis o£ C:ea.."'l soils f-:o:::-~ t.-.,e site. 

Values for foe typically :-ange f-:c=. 0.03 to 0.00017 :ng/:r.g (6). Co:;ve:-t ·.·;.:·..:es :-e?Qr:e-C :._, ?€="Cent ~o :::-~gh:;g. 

/ 

Step 4: Dete..-::-..:.ne o:- est.mate p b, the~· :,clk density of t.'ie soil, £:-o::-: a soils a:.;.::.-sis. Typic;.: vaLles :-a...,ge f-:c="< 1.8 to 2.: 

g::-.s/cc (kg/1). Deter=-.i...>e or es==:ate qlW, t.~e wate::--filled po::-osity. " .:; 1 --~. 

Step 5: Dete:=..ine Kd, ~'"le pa::ition coe.:.:cent (also called the distribution coe£::=~"\t) :,e:--we€.-. :.:...e pore water 
{· ,.., 

Step 6: 

(grou...-,cwater) a..<d the soil solics ;.:si."'\g: ...... •'f ~.,\ 1, I Kc = Koc • foe J , . · · V • ~ · · 
(Ct .. pbl 

Using Ct. the measu..-e-d soil c."'.e=ical co:-.centration ir. I:1g/kg. calc..llate (-...-: Cw = -~ j 

•• I '\ I \ V 

(Cw = calcclated pore water co:1c. :._, -::1g /1 assumir.g no DSAPL :.S y.ese::-.::1 (Kdi\•pb_ + ~\"~ 
0 

. l 
C ~ Cw > s el_ indicates possible presence of DN.!J'L a n -~ ~ \:J '. ', '--~'- I I 

Step 7: ompare Cw a.<d Si ~oil"'. Sh::? 1): I · 
Cw < 5~ i.'idicates possible .at-sence of DN:i..PL I r--: '- ' ... , .. ;•j 

6 
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GLOSSARY (adapted trom oerry. 1991>: 

DNAPL: A Dense Non-aqueous Phase I.iquid. Also known as~ product or a s:i.nlcil'lg plume (sinker). 

ON APL ~TRY LOCATION: Tne area where DNAPL has entered the subsurface. 

DNAPL SITE: A site where DNAPL r.a.s been released and is now present in the subsurface as an i:nm.iscible phase. 

DNAPL ZO~"E: The portion of a site affected by free-phase or residual DNAPL in the subsurface (either the vadose zone 
or saturated zone). The DNAPL zone has organics in the vapor phase (unsaturated z.one), dissolved phase (both 
unsaturated and saturated zone), and DNAPL phase Cboth unsaturated and saturated zone). 

DISSOLuliON: The process where soluble orga:nic components from DNAPL dissolves in groundwater or infiltration 
and for::ns a groundwater conta..tninant plume. The duration of remediation measures (either clean-up or containment) is 
determined by the 1) the rate of the dissolution process that can be achieved in t.i.e field, and 2) the mass of soluble 
components in t.~e residual DNAPL trapped in the aquifer. 

EFFECTIVE SOLUBIUTI: Tne actual aqueous solubility of an organic constituent in groundwater that is in che:nical 
equilibrium with a mixed DNAPL (a DNAPL containing several organic constituents). The effective solubility of a 
particular orga:nic chemical can be estimated by multiplying its mole fraction in the DNAPL mixture by its pure phase 
solubility (see Worksheet 1, page 7). 

FREE-PHASE DNAPL: Immiscible liquid existing in the subsurface with a positive pressure such that it GL'"l flow into a 
well. If not trapped in a pool. fr-ee phase DNAPL will flow vertically through a.'"l aq-.iller or lateally down sloping 
fi...'"le-grai..'1ed stratigraphic units. Also called mobile DNAPL or continuous phase D~APL. 

PU.JME: The zone of cont:am.i..,atio:-. contair..ing organics i-"'. the dissolved phase. The plume usually will orig'--.ate f:-c::: 
t."1e DNAPL zone ar,d extend dow:1g:-adie:nt for some dist:a.-.ce dependi.'1g on sir-e !-:yC:ogeologic and chemical cor.ditiuns. 
To avoid confusion, the term '"D\:J..PL ph.une'" should not be used to deSC"ibe a o:--;APL pool; .. plume .. should be usee or'.ly 
to reie:r to dissolved-phase orgar.ics. 

POOL .md L~S: A zone of free-phase DNAPL at the bot7em of an aqo.!ife:r. A le::1s is a pool t.:,at rests on a fi.-.e-g-:a:..-.ec 
st:-atig:-aph.ic U.'"lit of li:nited areal ex:-e..-.t. DNAPL ca.'"l be =-ecove:red .f:-om a pooi c::- !e:-::s:! a well is placed ir. ::.:'1e :-ig::t 
locatio:-.. 

RESIDUAL: Irr.=tisC.::>le phase liq-..:.:C. held in t.'-le r-c:-e spaces or f:-att..!..-eS ::>:• ca?i.:la::; fc::-ces (:'legat:ive pressl.!:'e o~ 
DNAPU. Residual h-ill remaL-. t-apped · .... it.lUn t.-.e pore oi ::.-..e porous :neci.ia '.!:'Jess :.-....e viscol.!s fo:-ces (caused by ~'-.e 
dynamic force of wate:" against tile DNAPL) are g:reate:- tha..-. the capilla.ry forces holci..,g the DNAPL in the pore. A~ ::.os~ 
sites t.ie hyd..'G.ul.ic gradier.t re-~ee to :nobi..li=e all of the residual t-apped i..'1 a.., a~~er is us-ually much greater t:>-:a.-: ca.-. 
~ proc-..:ced by wells or t:renc.-....es (27). 

RESIDt:AL SATUR.A TION: T.'1e .=-action of available pare space contai:\ing resid;.:.:.l DNAPL.s, o-: t.l,e sat-...::at:io:1 level 
where £:-ee-phase DNAPL beco::-~es residual DNAPL (18). b the vadose zone, resid~ satu.'G.tion :range up to 20% of :otal 
pore volu=-~e while in the satura:-e-C zone residual saturat:io:-:s range up to 50% of to~ pore volume. 

Defined Areas at a D~ APL Site 

DNAPL Entry Location 
(s-.Jch as a fon:ne~was:e pend) 

DNAPLZonc 
(contai..-,.:..,g free-phase DN A.PL L-. pools f 

or lenses and/or residUAl DNAPU 

7 

Dissolved Phase Pl1.1.t:1c 

Grcr.,.,..dwa:n- Flcr-'-' Dirtc!iC!". 
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